Abstract: Global financial investments in energy production and consumption are significant since all aspects of a country's economic activity and development require energy resources. In this paper, we assess the investment trends in the global energy sector during, before, and after the financial crisis of 2008 using two data sources: (1) The Dealogic database providing cross-border mergers and acquisitions (M&As); and (2) The "fDi Intelligence fDi Markets" database providing Greenfield (GF) foreign direct investments (FDIs). We highlight the changing role of China and compare its M&A and GF FDI activities to those of the United States, Germany, UK, Japan, and others during this period. We analyze the investments along each segment of the energy supply chain of these countries to highlight the geographical origin and destination, sectoral distribution, and cross-border M&As and GF FDI activities. Our paper shows that while energy accounts for nearly 25% of all GF FDI, it only accounts for 4.82% of total M&A FDI activity in the period 1996-2016. China's outbound FDI in the energy sector started its ascent around the time of the global recession and accelerated in the post-recession phase. In the energy sector, China's outbound cross-border M&As are similar to the USA or UK, located mostly in the developed countries of the West, while their outbound GF investments are spread across many countries around the world. Also, China's outbound energy M&As are concentrated in certain segments of the energy supply chain (extraction, and electricity generation) while their GF FDI covers other segments (electricity generation and power/pipeline transmission) of the energy supply chain.
Introduction
Energy is the lifeblood of the global economy since it is a critical input to all sectors of the economy including agriculture, transportation, waste collection, information technology, and communications sources. Additionally, the energy sector creates jobs and value by extracting, transforming and distributing energy goods and services throughout the economy. The energy sector is relevant in any discussion of a country's economy in two additional ways. First, energy security is vital to the country's economic growth on both the demand side (e.g., population growth, effects of globalization, and the aspirations of less-developed countries) and the supply side (e.g., known and likely reserves of fossil fuels). In 2011, energy expenditures amounted to approximately 10% of the world gross domestic product (GDP), in which North America accounts for 20%, Europe for 25%, and Japan for 6% of the total. About 81.4% of the world's primary energy supply [1] consists of Some econometric modeling has shown the significance of determinants in the origin-destination flows of investment. However, there are gaps in our understanding related to the analysis of the sectors of the energy supply chain in the context of Chinese investments into the energy sector abroad.
We investigate M&A and GF FDI in the energy sector, merging two databases in order to conduct a comprehensive analysis of global investment flows. Our new methodology enables us to examine the extent to which global investment flows in the energy sector are distributed within different parts of energy value chains and characterize the spatiotemporal patterns of inflows and outflows. Specifically, we investigate the following questions: What is the level of GF accounts regarding total FDI activity? What was the impact of global financial crises on GF and M&A investments? Which recovered more quickly? What are the patterns of investment in energy after the crisis? In the energy sector, what are clear distinctions in patterns of GF and M&A in China versus other countries' investments? What is the energy supply chain? What are the differences in investments along the segments of the supply chain? Do such sector-level FDI patterns vary according to different pairs of origin and destination countries? Does this hold true for both M&A and GF investment? What is China's status concerning inbound and outbound investment? Does China invest consistently more in the energy sector of some countries?
The paper proceeds as follows. The next section describes the data and methodology including issues in integrating the databases, Dealogic and fDi Intelligence's fDi Market, followed by a discussion on M&A and GF investments along various segments in the energy supply chain. We then provide a qualitative analysis of China and other countries' inbound and outbound investments. We then discuss future research.
Materials and Methods
M&A and GF are the two primary forms of FDI, captured in two commercial databases, Dealogic, and fDi Intelligence's fDiMarket, respectively. In this paper, we characterize the landscape of FDI, with a focus on the energy sector, origins, and destinations of energy investment flow as well as critical segments of the energy sector supply chain by integrating the two databases.
fDiMarket is the dataset that includes GF FDI projects. It is developed and owned by Financial Times (www.fdimarkets.com). Although it is designed mostly for business clients, academic research now uses the dataset, especially in economics and political science [40, 41] . The information consists of media reports, and for each project, the database collects information regarding both its investors (name and source country) and project details (amount of capital investment, destination country and, economic sector). fDiMarket is a unique global database covering all economic sectors. However, the database has limitations due to missing reports or zombie deals (that are announced but never realized). Our current database captures 171,465 GF FDI projects from 2003 to 2016, with capital investment totaling $10.6 T (See Appendix A Table A2 ). The database classifies the energy sector in two ways: First, by industrial activity; classes include mining and extraction, distribution and transmission, electricity generation, manufacture, retail and wholesale, and other business services. Second, by type of fuel; types include oil & gas, coal, wind, solar, biomass, and hydroelectricity.
Dealogic is a commercial database mostly serving clients in the investment banking sector and includes significant debt, equity investment, loans, and cross-border M&A cases (www.dealogic.com). We focus on the M&A segment of this database to complement the fDi Market database. The Dealogic database suffers less from missing reports or zombie deals, and hence can help us deal with the limitations of the fDi Market database. The M&A database includes deals from 1996 to 2016 but we consider the period 2003 to 2016 in this study. For each M&A deal, the record includes an acquiror (acquirer or buyer), divestor (seller), and target by their name, nationality, and five-digit North American Industry Classification System (NAICS) code (Appendix A Table A1 ). Federal statistical agencies use the NAICS codes in classifying business establishments to collect, analyze, and publish statistical data related to the U.S. business economy. The NAICS code in the Dealogic database provides critical information regarding the primary economic sector of the acquirer, divestor, and target. However, since the original NAICS code is six-digit, the sector-related information provided by Dealogic is limited to only a five-digit code resulting in certain data issues. In the energy sector, for instance, a target of an M&A deal is labeled as electricity generation on an aggregate level without specifying information on the type of electricity generation. Similarly, the semiconductor manufacture class includes a solar module manufacturer, which makes it impossible to identify any solar module manufacturer in a region. Therefore, this mismatch of NAICS codes in Dealogic results in our inability to track sector-specific flows without making specific assumptions or approximations. In this study, we only include real cross-border M&A deals and exclude any deals where the origin country is the same as the recipient country.
We examine the characteristics of energy supply chains related to fossil fuels and renewables globally in the context of M&A and GF FDI investments. There are uncertainties in the values recorded in the two databases. First, both databases estimate the deal values and the number of jobs created using a specific methodology that may differ from the values that the companies publicly announce at a later stage. Second, in both databases, the announced deal value (publicly reported) may differ from the final, actual deal value, causing further uncertainties in the database.
The first step in our methodology is to crosswalk between the elements (or fields) of the two databases, GF FDI and M&A data, to show equivalent elements (or "fields") in more than one database. We choose four energy sub-sectors that represent identical elements covering all the energy-related NAICS codes present in the Dealogic and industry sectors in the fDiMarket database respectively, see Figure 1 . These elements are; (1) extraction; (2) power or electricity generation; (3) manufacturing; and (4) transmission and distribution. Appendix A shows which five-digit NAICS codes or industry sectors each energy sub-sector includes. Each includes detailed sub-types, such as oil and gas extraction, coal mining, natural gas extraction, and crude petroleum extraction. Supply chain of the energy sector (fossil fuel) shows the North American Industry Classification System (NAICS) codes along the various segments of the energy supply chain in upstream, midstream, and downstream industries. The upstream oil and gas industries include exploration, extraction, and production. The midstream industries involve the transportation and storage. The downstream industries incorporate petroleum crude oil refining as well as the marketing.
Second, we utilized our cross-walking strategy and identified relevant deals in the energy sector which were pertinent to this study. Instead of being categorized by NAICS code, every deal in the FDi Market GF database has four attributes, industry sector, cluster, sub-sector, and industry activity, see Table A4 . We found that industrial activity and the industry sector are most useful to identify energy-related deals. Then, for each of four energy sub-sectors, we identified those deals which were tagged with the specific activity and industry sectors under our criteria. For instance, to derive oil and natural gas extraction deals, we include all the deals with both "extraction" under the column "Industry Activity" (Table A4 ) and "oil & gas extraction" in their "sub-sector" attribute. However, deals tagged with "oil & gas extraction" in the "sub-sector" but "maintenance & servicing"
Energies 2018, 11, 2804 6 of 25 in the "Industry Activity" were ignored. Such deals do not represent the right extraction sector but rather maintenance and servicing. The detailed list of our selection results is in Table A4 (as well as A) . Thus, the cross-walking strategy between the items in the two databases helps us identify those energy-related deals whose four energy sub-sectors are relevant in this study.
In the third step, we focused on the energy supply chain. We identified NAICS codes along the upstream, midstream and downstream segments of the energy supply chain. The upstream oil and gas industries include exploration, extraction, and production. The midstream industries involve transportation (by pipeline, rail, barge, oil tanker or truck), storage, and wholesale marketing of crude oil or other petroleum products. The downstream industries incorporate petroleum crude oil refining and the processing and purification of the raw natural gas, as well as the marketing and distribution of products (retail) derived from these sources. We have included the manufacturing of equipment necessary for the energy sector in our estimation of energy investments, but we have excluded the sub-type called manufacturing of petrochemicals.
The final step in our methodology is data analysis and visualization. Developing effective data integration and visualizations are critical for understanding and analyzing the merged investment data in a variety of contexts. We used Tableau Desktop software [42, 43] , an easy-to-use tool for creating customized, real-time exploration of our complex databases. We created longitudinal graphical displays of our databases, defined new groups of variables (using NAICS codes), clustered BRI countries, as well as defined phases such as pre-and post-recession and recession. We juxtaposed graphics and maps on digital "dashboards" with shared timescales and drillable details, such as M&As along the various segments of the supply chain, such as extraction, electric power generation, and retail, to facilitate a visual synthesis of multiple types of potentially relevant information.
Results
We analyze the differences in the energy sectors of various countries by examining the pattern of M&A and GF FDI investment. Since the energy sector includes mining and drilling, as well as electricity generation, it is useful to examine patterns of GF and M&A investment along the supply chain. The presentation of the analysis is as follows:
1.
Global Trends in M&A and GF FDI Activities: We first explore the GF FDI and M&A (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) energy investments with a focus on tracking the impacts of the financial crisis in 2008 across the various regions on all investments. 2.
Energy Sector Supply Chains: We next characterize the energy supply chain related to fossil fuels and renewables globally as well as in the context of China, the US, and other countries.
3.
Origin and Destination of Energy FDI: We then describe the energy outbound investment originating in countries such as China, UK, Japan, and the US to their destinations such as China, Vietnam, and India. 4.
China's energy investment landscape: Lastly, we examine the investments in the energy sector through time.
Global Trends-GF and M&A Activities
We amount of M&A reached around $1771 B and the GF was around $752 B. The total of both M&A and GF is around $2523 B. While both have exhibited an upward trend from 2013 with a peak around 2015, they never reached the pre-recession levels of investment. The number of jobs (not shown in this figure) resulting from the investment is closely related to the amount of inbound investment [44] . figure) resulting from the investment is closely related to the amount of inbound investment [44] . Inbound FDI is the value of a direct investment made by non-resident investors into the reporting economy. Outbound FDI is the value of a direct investment made by the residents of the reporting economy to external economies. Thus, the outbound and inbound investments represent the origins and destinations of money flows. Figure 3 shows the regional total inbound and outbound GF FDI as a stacked histogram. While there is no accepted standard for region definitions, we selected regions as defined by the PLATTS database, which the team's researchers have been using for other research projects. Appendix B shows the countries of each region. Global Figure 3 shows the global FDI outbound patterns on the left panel and inbound patterns on the right. We summarize the following from Figure 3 Inbound FDI is the value of a direct investment made by non-resident investors into the reporting economy. Outbound FDI is the value of a direct investment made by the residents of the reporting economy to external economies. Thus, the outbound and inbound investments represent the origins and destinations of money flows. Figure 3 shows the regional total inbound and outbound GF FDI as a stacked histogram. While there is no accepted standard for region definitions, we selected regions as defined by the PLATTS database, which the team's researchers have been using for other research projects. Table A4 shows the countries of each region. Global Figure 3 shows the global FDI outbound patterns on the left panel and inbound patterns on the right. We summarize the following from around $2523 B. While both have exhibited an upward trend from 2013 with a peak around 2015, they never reached the pre-recession levels of investment. The number of jobs (not shown in this figure) resulting from the investment is closely related to the amount of inbound investment [44] . Inbound FDI is the value of a direct investment made by non-resident investors into the reporting economy. Outbound FDI is the value of a direct investment made by the residents of the reporting economy to external economies. Thus, the outbound and inbound investments represent the origins and destinations of money flows. Figure 3 shows the regional total inbound and outbound GF FDI as a stacked histogram. While there is no accepted standard for region definitions, we selected regions as defined by the PLATTS database, which the team's researchers have been using for other research projects. Appendix B shows the countries of each region. Global Figure 3 shows the global FDI outbound patterns on the left panel and inbound patterns on the right. We summarize the following from Figure 3 The value of China's outbound GF FDI experienced a two-fold increase from pre-to mid-recession and a four-fold increase from mid-to post-recession while the US experienced less than a two-fold increase from recession to post-recession. Notably, in 2008, the beginning of the Great Recession, there is a peak in Chinese investment. This likely reflects the completion of deals signed before the Great Recession or that China was relatively well insulated from the crisis due to its pre-emptive stimulus package that prevented the initial negative shock from turning into a major recession [45] . Of the seven largest economies in the world by GDP, only China grew by 9% in the third quarter of 2008 [46, 47] . Note that Australia survived the global economic crisis well, reflecting its sound macroeconomic policies and strong demand for raw materials from China [48] .
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M&As and GF FDI in the Energy Sector
While energy accounts for nearly 25% of all FDI, it only accounts for 4.82% of the total M&A activity during 2003-2016. The share of energy M&As as a share of total global M&As in the three phases of recession is around 5% while the share of energy as a share of total global GF FDI is around 25-26% during pre-recession and recession. However, the share of energy in GF FDI has decreased to 21% in the post-recession phase. Thus, the proportion of global M&A and GF FDI in the energy sector is 5:1 in the period 2003-2016. As a first step, we analyze general inbound and outbound global energy FDI for both M&A and GF investment types. We present the energy investments in Table 2 (similar to Figures 3 and 7) . We show the outflows and inflows in each region. For example, outflows from Africa amount to $25,958 while inflows into Africa amount to $139,368 for GF FDI investments. Note that Asia (China, Japan, and India), Africa, and to a smaller degree, Latin America represent the destination for inbound investment while Europe and North America are mostly sources of outbound investment. In the last decade, India has eased its policy and now permits 100% FDI in the power sector for the generation, transmission, and distribution of electricity and power trading, (except atomic energy). As a result, 
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While energy accounts for nearly 25% of all FDI, it only accounts for 4.82% of the total M&A activity during 2003-2016. The share of energy M&As as a share of total global M&As in the three phases of recession is around 5% while the share of energy as a share of total global GF FDI is around 25-26% during pre-recession and recession. However, the share of energy in GF FDI has decreased to 21% in the post-recession phase. Thus, the proportion of global M&A and GF FDI in the energy sector is 5:1 in the period 2003-2016. As a first step, we analyze general inbound and outbound global energy FDI for both M&A and GF investment types. We present the energy investments in Table 2 (similar to Figures 3 and 7) . We show the outflows and inflows in each region. For example, outflows from Africa amount to $25,958 while inflows into Africa amount to $139,368 for GF FDI investments. Note that Asia (China, Japan, and India), Africa, and to a smaller degree, Latin America represent the destination for inbound investment while Europe and North America are mostly sources of outbound investment. In the last decade, India has eased its policy and now permits 100% FDI in the power sector for the generation, transmission, and distribution of electricity and power trading, (except atomic energy). As a result, As a first step, we analyze general inbound and outbound global energy FDI for both M&A and GF investment types. We present the energy investments in Table 2 (similar to Figures 3 and 7) . We show the outflows and inflows in each region. For example, outflows from Africa amount to $25,958 while inflows into Africa amount to $139,368 for GF FDI investments. Note that Asia (China, Japan, and India), Africa, and to a smaller degree, Latin America represent the destination for inbound investment while Europe and North America are mostly sources of outbound investment. In the last decade, India has eased its policy and now permits 100% FDI in the power sector for the generation, transmission, and distribution of electricity and power trading, (except atomic energy). As a result, India could receive more GF FDI from China as would other BRI countries. Table 2 indicates that many North-North deals are consisting of intra-Europe and intra-North American M&A deals. Latin America and Africa have lesser amounts of M&As inflows but have some outflows. Asia has inflows and outflows of FDI GF and more outflows of M&A (compared with inflows). We primarily focus our analysis on post-recession years (2010-2016) to understand the emerging FDI patterns in the most recent years. The US is the leading outbound source in FDI energy sector investment. Overall, the US has an investment of $852 B while Japan and Germany have $387 B and $362 B each. China holds the fourth rank with $355 B. Germany, France, UK, and Canada are other sources. Table 3 shows the GF FDI of the top ten countries in the various segments of the energy supply chain, revealing patterns of specialization. Malaysia and China lead in GF investment in power/pipeline transmission, followed by Canada. Besides, China leads in GF FDI in electricity generation followed by Spain and the US. (China invests in Europe, India, and Turkey). China has seen over 50% increases in its outbound investment of power/pipeline transmission from pre-recession ($1 B) to post-recession ($7 B). China's outbound GF FDI in electricity generation is remarkable given its meteoric rise from around $5 B to $7 B in the pre-to-peak recession period to over $54 B in post-recession. China's focus on electricity generation can be seen as an effective way of securing energy supply, similar to the world's leading energy-consuming countries. The US and South Africa lead in outbound GF FDI in manufacturing followed by UK and Russia, as shown in Table 3 . The US and France lead in extraction followed by UK and Italy. China is not in the top ten FDI GF investing countries in resource extraction but is prominent in both inbound and outbound GF FDI investments in power/pipeline transmission, electricity generation, and manufacturing. Figure 10 . In 2015, China invested $10 B in an energy project while in 2014 and 2016 it invested over $5 B in projects. We can expect China's outbound FDI GF investments to grow in the energy sector given the BRI that encompasses 75% of known global energy reserves [5] . Table 4 shows M&A activity in the energy supply chain for the period 2003-2016 concerning the announced deal. China leads in extraction; Italy in electricity generation; Canada in power/pipeline transmission, and distribution. China ascended to this position in extraction following the economic recession. Table 4 shows M&A activity in the energy supply chain for the period 2003-2016 concerning the announced deal. China leads in extraction; Italy in electricity generation; Canada in power/pipeline transmission, and distribution. China ascended to this position in extraction following the economic recession. 
Origin and Destination of Energy FDI
We discuss the energy flows from origin countries such as China, UK, Germany, and the USA in the post-recession period along various segments of the supply chain. In the context of M&As, China has around 65% in the extraction segment, 33% in electricity generation, and approximately 20% in pipeline transmission and distribution in the post-recession period, as shown in Figure 11 . In contrast, the US invests approximately 31% in the extraction segment and 17% in electricity generation. Other significant M&A investments for the US are 27% in pipeline transmission and distribution and 21% in manufacturing. Thus, the US has a more even spread of M&As in all segments of the energy supply chain compared with China's concentration in the upstream segment of the oil and gas sector. Figure 11 concerns M&A; China is still focused on extraction, experiencing over 100% growth in M&A in this segment during this period. While the US has experienced over 200% growth in M&A in pipeline transmission and distribution, manufacturing, and electricity generation. To summarize, China's focus is mostly on the upstream segment of the supply chain whereas the US's focus is on all segments except refineries and retail/wholesale. China's strategy in the future is perhaps one of diversification through its BRI. 
We discuss the energy flows from origin countries such as China, UK, Germany, and the USA in the post-recession period along various segments of the supply chain. In the context of M&As, China has around 65% in the extraction segment, 33% in electricity generation, and approximately 20% in pipeline transmission and distribution in the post-recession period, as shown in Figure 11 . In contrast, the US invests approximately 31% in the extraction segment and 17% in electricity generation. Other significant M&A investments for the US are 27% in pipeline transmission and distribution and 21% in manufacturing. Thus, the US has a more even spread of M&As in all segments of the energy supply chain compared with China's concentration in the upstream segment of the oil and gas sector. Figure 11 concerns M&A; China is still focused on extraction, experiencing over 100% growth in M&A in this segment during this period. While the US has experienced over 200% growth in M&A in pipeline transmission and distribution, manufacturing, and electricity generation. To summarize, China's focus is mostly on the upstream segment of the supply chain whereas the US's focus is on all segments except refineries and retail/wholesale. China's strategy in the future is perhaps one of diversification through its BRI. The origin-destination in Table 5 shows outbound M&A and GF FDI of China, USA, Japan, and France. While China's greatest M&A outflow is to Australia, Brazil, and Portugal, its largest recipients The origin-destination in Table 5 shows outbound M&A and GF FDI of China, USA, Japan, and France. While China's greatest M&A outflow is to Australia, Brazil, and Portugal, its largest recipients in GF are in Asia, Pakistan, and India. The USA exhibits a different pattern. USA's greatest M&A outflows are to countries in Europe and Canada. The USA's seventh largest M&A destination is China. USA's greatest GF outflow is into Canada with some investments in Turkey, Brazil, and Nigeria. Japan's most substantial GF outflows are to countries in Asia including Myanmar, Vietnam, Indonesia, and Malaysia, while its most significant M&As are to the US, Australia, Canada, and the UK. France's strategy for both GF and M&A is to countries in Europe and the US. Its eighth largest GF is to Russia, which does not appear elsewhere in the top ten outbound destinations of any other country in this consideration set. To summarize, China's pattern of GF investment flows into the countries in Asia and Africa in addition to the US and UK. While the US, UK, and Japan choose Western Europe, Canada, and Australia as the top four destinations in their M&A, their GF is more inclusive of the rest of the world. China, on the other hand, seems to be moving away from this North-North model as it invests in other regions of the world especially in the energy sector as exemplified by their M&A in Brazil, Malaysia, and Pakistan and their FDI in Pakistan and India. We next describe specific cases of Chinese outbound FDI in the energy sector to provide representative examples detailing Chinese investment in all energy sub-sectors across different regions around the world.
China's Energy Investment Landscape
Since the turn of the century, China has emerged as a significant player in both the GF and M&A markets overseas. As shown in Figure 12 , in 2003, China's overseas assets were just 2.3% (compared with the US at 26%), whereas their investment in 2016 is upwards of 11.3%, growing by 391% over this period while the US decreased its share by 76% during the same period. The UK also shows a decrease. China's share of M&A activities in the global energy sector has grown from 0% to 9% from 1996 to 2016. The US during the same period showed a 76.53% decrease in its M&A in the energy sector. That said, Chinese entities are still only 5% of all overseas investment over the period, and the Chinese investment is more concentrated in GF FDI rather than M&A. electricity generation, and power/pipeline transmission mainly focused in Africa and South Asia. Note that the focus of this investment has shifted from extraction to electricity generation since 2014. Chinese GF FDI, shown in Figure 14 , is mainly focused on electricity generation and power/pipeline transmission. Manufacturing was dominant until 2012 in GF but was overtaken by electricity generation from 2015. Chinese M&A investment activities peaked in 2012 while FDI GF in 2016 had diminished. 
China's Greenfield Projects
Resource extraction is a very important sub-sector for Chinese energy investment, particularly in Africa. As early as 2003, China Petroleum and Chemical (Sinopec) invested $1.8 B in oil and gas fields, representing the most significant example of Chinese investment in the African energy sector. In the electricity generation sector, Zonergy invested $1.5 B in Pakistan for 1000 MW solar projects in 2015, which is now the most massive Greenfield project in an overseas market that China has ever invested in; 300 MW from the project has come online in 2017, and the rest is expected to be online in late 2018. For transmission and distribution, China National Petroleum recently initiated a $4 B investment in Mozambique to collectively build a gas pipeline with local oil and gas companies. The total length of the pipeline will be 1600 miles and construction is expected to start in 2018. In Southeast Asia, many Chinese solar manufacturers have started to offshore their production capacity. For instance, Comtec Solar System invested $372 M in Malaysia. The manufacturing plant started operation in 2014 with an annual capacity of 300 MW. 
Resource extraction is a very important sub-sector for Chinese energy investment, particularly in Africa. As early as 2003, China Petroleum and Chemical (Sinopec) invested $1.8 B in oil and gas fields, representing the most significant example of Chinese investment in the African energy sector. In the electricity generation sector, Zonergy invested $1.5 B in Pakistan for 1000 MW solar projects in 2015, which is now the most massive Greenfield project in an overseas market that China has ever invested in; 300 MW from the project has come online in 2017, and the rest is expected to be online in late 2018. For transmission and distribution, China National Petroleum recently initiated a $4 B investment in Mozambique to collectively build a gas pipeline with local oil and gas companies. The total length of the pipeline will be 1600 miles and construction is expected to start in 2018. In Southeast Asia, many Chinese solar manufacturers have started to offshore their production capacity. For instance, Comtec Solar System invested $372 M in Malaysia. The manufacturing plant started operation in 2014 with an annual capacity of 300 MW.
China's M&A Projects
Chinese M&A FDI is more substantial in the amount invested but fewer in number. In the resource extraction sector, the China National Offshore Oil Corporation (CNOOC) acquired Canadian Nexen at the cost of $18.2 B. The deal, completed in 2012, represents the single most considerable Chinese overseas investment in the energy sector. In the transmission and distribution sector, the State Grid Corporation of China acquired a 35% share of a gas distribution network asset in Italy at the cost of $2.8 B in 2014. For electricity generation, China Three Gorges Corporation acquired two hydroelectric plants in Brazil, totaling 4.8 GW of generating capacity, at the cost of $3.7 B in 2015. Chinese investors now collectively own around 10% of the total power-generating assets in Brazil. In the wind manufacturing space, consolidation is a very recent trend, but Chinese turbine manufacturers are relatively less involved. The most substantial M&A deal Chinese firms have ever made is the acquisition of 70% of Vensys Energy in 2008 by Xinjiang Goldwind. The deal cost Goldwind $60 million and facilitates the export of Goldwind's turbines to the European market.
Discussion
In this paper, we investigated M&A and GF FDI in the energy sector, merging two databases to put together a comprehensive analysis of global investment flows. We designed a new methodology to examine the extent to which global investment flows in the energy sector are distributed within different parts of energy value chains and characterize the spatiotemporal patterns of inflows and outflows. We divided the time of observation into pre-, peak-, and post-recession periods. We examined the level of M&A and GF investments by countries and continents in the period 2003-2016 and highlighted investment patterns in the three phases of recession. The share of energy M&As as a share of the total global M&As in the three phases of recession is around 5% while the share of energy GF as a share of total GF is around 25-26% during pre-recession and recession. While energy accounts for nearly 25% of all FDI, it only accounts for 4.82% of total M&A activity in the period 1996-2016. Thus, the proportion of global M&A and GF FDI in the energy sector is 5:1 in the period 2003-2016. Both investment types have recovered in the post-recession phase.
We highlighted the spatial pattern of inbound and outbound investments in the energy sector, explicitly comparing and contrasting China with the US. China has invested heavily in the extraction and electricity generation sectors, while the US invests in many segments of the supply chain including pipeline, transmission and distribution, and manufacturing as well as extraction and electricity generation. Outbound M&A and GF FDI in the energy sector are changing. The Northern economies are the traditional hotspots that attracted investment. Northern countries dominate outbound M&As while Northern and Southern countries both receive inbound GF. A small number of countries account for a significant share of the overall activity in all segments of the energy supply chain. The most consistent outbound investments in M&A are North-North countries. However, with the entry of China into the energy space in the recession and post-recession period, North-South outbound investments are emerging. China invests consistently more in the energy sector of European countries through M&A but has a more widespread spatial distribution of GF investments. We estimated the extent to which China is permeating global energy investment markets within different parts of the energy value chain and characterized China's spatiotemporal patterns of investment.
China's overseas GF investment grew by 391% between 2003 and 2016 while the US decreased its share by 76% during the same period. Similarly, China's share of M&A activities in the global energy sector has grown from 0% to 9% in the period from 1996 to 2016. However, Chinese entities amount to only 5% of all overseas investment over the period, and the Chinese investment is more concentrated in GF rather than M&A FDI. In this paper, we also perform a supply chain analysis in the context of Chinese energy investments and find the bulk of Chinese investment is in extraction and electricity generation, primarily focused in Africa and South Asia. Electricity generation and power/pipeline transmission are the primary focus of Chinese GF FDI. Chinese M&A FDI activities peaked in 2012 while GF peaked in 2016 in the energy sector. Our origin and destination analysis reveal differences between China and the US concerning the spatial pattern of their energy investments. While China's most significant M&A outflow is to Australia, Brazil, and Portugal, its largest recipient in GF is in Asia, Pakistan, and India. The US exhibits a different pattern; its M&A outflow is to countries in Europe and Canada. USA's greatest GF outflow is into Canada.
Our paper provides a qualitative analysis of energy investments using two databases. Our fundamental contribution is segmenting the energy supply chain to discuss origin-destination flows integrating two databases related to M&A and GF FDI. We specifically characterized China's investment and differentiated the pattern from that of the US investments. The next step in our research is to use spatial panel models of the data to quantitatively model energy flows and provide the rationale for such investments. Our long-term goal is to set up a framework to study China's BRI initiative, especially related to energy sector. We want to characterize the flows of investment, as well as social, environmental, and economic impacts in the destination countries.
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Appendix Database Details & Definitions
This appendix describes the definitions used for analyzing the energy supply chain steps in both databases. Table A4 . Definitions for Regions.
Region
Target Nationality
